Background {#Sec1}
==========

Obsessive-compulsive disorder (OCD) is one of the most disabling of all psychiatric illnesses \[[@CR1]\] with a lifetime prevalence of 2% - 3% and an early onset in adolescence or young adulthood \[[@CR2]\]. Core symptoms of OCD are recurrent and intrusive thoughts and repetitive behaviours that are time consuming, cause remarkable distress and are often perceived as inappropriate. Even with the currently available treatment options, OCD has a tendency to chronicity and can have a devastating effect on occupational functioning, relationships and social activities. Besides cognitive-behavioural and psychodynamic models, neurobiological causes are considered to explain the complex symptomatology of this mental disorder. However, the detailed mechanisms underlying obsessions and compulsions are not completely understood. A huge amount of imaging findings --partially inconsistent- indicate that OCD pathology is correlated with dysfunctions of the cortico-striato-pallido-thalamo-cortical pathway \[[@CR3]\] and a failure of ventral striatum inhibition \[[@CR4]\]. In this context, two recent studies are of special importance, which hint at the dysregulation, i.e. pathological hyper-connectivity between cortical and striatal structures, as potential causal factors for OCD symptoms \[[@CR5],[@CR6]\]. Still, specific treatments for OCD such as pharmacotherapy with serotonin reuptake inhibitors and cognitive behavioural therapy with exposure and response prevention provide only 40% to 60% symptom reduction in half of the patients, without having elucidated the exact mechanisms of action. Consequently, approximately 10% of patients remain severely affected and suffer from treatment-resistant obsessive-compulsive disorder (tr-OCD) \[[@CR7]\].

Deep Brain Stimulation (DBS) is an innovative, neuro-modulating treatment method, which was introduced in the late 1980s in a patient suffering from severe tremor \[[@CR8]\]. DBS affects the functioning of subcortical neuronal circuits by implanting electrodes in the brain using stereotactic coordinates. The electrodes discharge chronic high-frequency electrical pulses that alter the neuronal activity in the region of interest \[[@CR9]\]. For a long time DBS was hypothesized to cause stimulation-induced functional lesioning but this view has been challenged in the last years. Rather it can be assumed that DBS unfolds very diverse neuromodulative effects dependent on target structure and disease. For example, research indicates influences on neurotransmitter release, oscillatory activity and inhibiting as well as activating network effects distal from the actual stimulation target \[[@CR10]\]. For movement disorders, including Parkinson and essential tremor, DBS is an accepted and effective treatment option \[[@CR11]\]. Because of its high effectiveness in neurological disorders, research also started to focus on the application of DBS for psychiatric disorders, e.g. OCD \[[@CR12],[@CR13]\], Gilles de la Tourette syndrome \[[@CR14],[@CR15]\], addiction disorders \[[@CR16],[@CR17]\], and depression \[[@CR18]\]. In 2009, DBS has been accepted in the US as a treatment option for tr-OCD patients by approving Medtronic reclaim approach by the US Food and Drug Association under the Human Device Exemption (see: <http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cftopic/pma/pma.cfm?num=H050003>).

CE-certification by European public authorities followed shortly thereafter. For a small proportion of tr- OCD patients, DBS may be appropriate. The rationale behind DBS in OCD is based on the aforementioned neurobiological assumptions, namely that OCD is associated with hyperactivity and hyperconnectivity within this cortico-striato-pallido-thalamo-cortical network and although the exact mechanism of DBS is unknown, it is hypothesized that DBS functionally overrides and modulates pathological hyperactivity in disturbed networks. Studies combining imaging and DBS are sparse, but it has been suggested that prefrontal activity as well as connectivity between the prefrontal cortex (PFC) and the nucleus accumbens (NAc) normalizes following DBS \[[@CR19]\].

Since 1999 over 200 OCD patients have received experimental DBS. Five different target structures have been used for DBS: the anterior limb of the internal capsule (ALIC), nucleus accumbens (NAc), ventral capsule/ventral striatum (VC/VS), subthalamic nucleus (STN) and inferior thalamic peduncle (ITP) (whether these five structures correspond to five targets will be discussed later). The scope of this article is to review the published data and to compare different target structures and their effectiveness.

Methods {#Sec2}
=======

For this purpose, we examined original published reports on studies about DBS for OCD. A PubMed search, last update 24th of June 2013, was conducted using the terms "deep brain stimulation" and "obsessive compulsive disorder". The PubMed search resulted in 279 articles (Figure [1](#Fig1){ref-type="fig"}). We scanned all abstracts that were available in either English or German language, and included those that were peer-reviewed, published, original articles on clinical trials of DBS for OCD. In addition we used a previously published review \[[@CR20]\] and screened the lists of references of the relevant publications to complete our list of studies. To ensure correct data collection one researcher extracted the data and a second researcher independently checked the data extraction forms for accuracy and completeness. Finally, we included 25 articles in the present review. We summarized twenty-three articles that included information on Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) scores in five tables arranged by target structure and calculated mean response rate and mean change in Y-BOCS score for each target location. To avoid biased results we ensured to not include duplicates. For that reason not all Y-BOCS score in the tables have been included in the quantitative analysis. All studies included in this review have been approved by the responsible local ethical commission. For the purpose of reviewing published literature no ethical approval is required by the guidelines of the ethics committee of the Medical Faculty of the University of Cologne. A review protocol is not available.Figure 1**PRISMA flowchart.** Process of literature search (Flowchart taken from Moher, \[[@CR21]\]).

Results {#Sec3}
=======

Anterior limb of internal capsule {#Sec4}
---------------------------------

The ALIC is the part of the Internal Capsule that lies anterior to the genu, located between the head of the caudate nucleus and the lenticular nucleus. Its fibers connect the prefrontal cortex and the subcortical nuclei, specifically the dorsomedial thalamus. Outcomes of anterior capsulotomy for refractory OCD led to the selection of the ALIC as a target for DBS \[[@CR22]\].

Nuttin and colleagues (1999) were the first to replace lesioning by high frequency DBS in OCD patients. They reported beneficial effects after bilateral stimulation of the ALIC in three out of four OCD patients. However, this evaluation is based on clinical observation only; no quantitative data have been reported.

In 2003, Nuttin et al. improved on the assessment procedure and made use of a blinded crossover design with alternating stimulation on/off-periods of 3 months with four OCD patients. The Y-BOCS scores were significantly lower at the end of the active stimulation compared to sham stimulation (placebo) (19.8 ± 8.0 vs. 32.3 ± 3.9). In an addendum to the main text, information on four additional patients is provided. Y-BOCS reductions are above 35% for four out of six patients. One patient, for whom DBS did not proof effective, received capsulotomy. For the other two patients only an anecdotal report is available \[[@CR23]\].

The same group \[[@CR24]\] reported three cases of OCD patients receiving DBS of the ALIC, one of them was already included in Nuttin et al.'s \[[@CR13]\] study. In one case, electrodes were removed 15 months after implantation, for the remaining two patients Y-BOCS scores dropped 12 and 23 points from baseline. The latest follow up was 33 and 39 months after surgery \[[@CR24]\].

A single case of ALIC DBS was reported by Anderson and Ahmed in 2003. The latest follow-up was performed three months after surgery, so that the Y-BOCS reduction of 79.4% (from 34 to 7 points) needs to be regarded with caution \[[@CR25]\].

Y-BOCS scores of four patients undergoing bilateral ALIC stimulation were assessed in a short-term, blinded, on-off design with four consecutive 3 week periods, as well as in an unblinded, long-term follow up ranging from 4 to 23 months (Abelson et al., \[[@CR26]\]). The first design revealed mixed results, with two patients reporting lower mean Y-BOCS scores in the off-condition, compared to the on-condition (on vs. off: 37.5 vs. 39, 31.5 vs. 29, 10 vs. 23, 27 vs. 26, respectively). In the latter design two of the four patients could be classified as responders, showing a 44% and 73% reduction from baseline, respectively. The other two patients showed a 0% and 4% reduction, respectively.

Servello et al. \[[@CR27]\] reported thalamic DBS in four patients with Tourette syndrome and comorbid OCD. Case one did not show significant improvement in Y-BOCS scores 30 months after DBS with scores remaining around the baseline level of 23 points. Also an additional surgery to implant rescue leads into ALIC/NAc region did not result in a significant symptom reduction. The latest follow-up was performed 44 months after the first surgery. Also the second patient received a "rescue surgery" ten months after electrode implantation. In the 20 months follow-up period Y-BOCS scores improved only mildly with a drop by 13 points from baseline at 18 months post-surgery (from 38 to 25) representing the biggest symptom reduction. Case three improved progressively from a Y-BOCS score of 38 pre-surgery to 15 at the 19 months follow up. The fourth patient displayed a similar improvement (16 vs. 35) in a period of 10 months \[[@CR27]\] (see Table [1](#Tab1){ref-type="table"}).Table 1**Trials targeting the ALICALICReferenceResponders (ratio)Follow-upPatients included elsewhereY-BOCS Reduction**Gabriels, 2003 \[[@CR24]\]2/333 months1 patient included in Nuttin, \[[@CR13]\]35.5%Anderson & Ahmed, 2003 \[[@CR25]\]1/13 months79.4%Nuttin, 2003**\*** \[[@CR23]\]3/631 months3 patients included in Gabriels, \[[@CR24]\]17.6-72%Abelson, 2005**\*** \[[@CR26]\]2/423 months0-73.3%Servello, 2009 **\*** \[[@CR27]\]2/451 months8.7-60.5%**Mean75%46.5%**ALIC: anterior limb of the internal capsule. Responders' ratio: responders defined as 35% improvement in Y-BOCS score or more. Follow-up: latest follow-up reported. Patients included elsewhere: Number of patients of which the data has been reported before and corresponding publication. Y-BOCS reduction: mean reduction for new patients at latest follow-up or reduction range if individual data not available. \*Data not included in pooled means due to missing information/republished data.

Nucleus accumbens {#Sec5}
-----------------

As a component of the ventral striatum, the NAc is located beneath the ALIC, at the junction between the head of the caudate and the anterior portion of the putamen. Due to the spatial proximity of NAc and ALIC it is possible to stimulate both target structures. By placing the tip of the electrode in the NAc the deepest contact will stimulate the ventral striatal region, whereas the most dorsal contact, towards the top of the electrode might affect also the ALIC \[[@CR28]\]. The NAc, the main gate structure of the basal ganglia is considered to be a motor-limbic interface \[[@CR29]\] associated with reward processing, which makes it a promising target structure for many psychiatric disorders and OCD in particular, since a dysfunction in the reward system, i.e. the hyperactivity between NAc and prefrontal cortex, may be an underlying cause for the disorder.

In 2003, Sturm et al. \[[@CR30]\] conducted a pilot study with four patients suffering from anxiety and OCD. Authors report total recovery from anxiety- and OCD-symptoms in all but one patient, but no Y-BOCS scores have been reported \[[@CR30]\], therefore an investigator bias cannot be excluded. Based on these findings, a larger, methodologically improved study (including a brief double blind crossover phase) was conducted. The results of this study published in 2010, put the previous, overly positive results in perspective. In this study conducted by Huff et al. \[[@CR31]\] ten patients received stimulation but unilateral to the right NAc. Five patients were classified as partial responders (i.e., a minimal symptom reduction 25%) and one patient as a full responder (i.e., a minimal symptom reduction of 35%). Mean Y-BOCS scores indicated a significant decrease of OCD symptoms after 12 months of active stimulation (from 32.2 ± 4.0 to 25.4 ± 6.7).

A single case of DBS targeting the ventral caudate nucleus in a patient suffering from severe OCD and concomitant major depression was published by Aouizerate et al. \[[@CR32]\]. The baseline Y-BOCS score of 25 did not change significantly in the first 9 months of stimulation, but decreased dramatically to 10 and 14 points 12 and 15 months after surgery \[[@CR32]\].

Plewnia et al. \[[@CR33]\] reported on the single case of a woman suffering from OCD, as well as residual symptoms of schizophrenia, who received DBS of the right NAc. Y-BOCS scores improved from 32 points one month prior to surgery to 24 four weeks after treatment onset and remained at this level for the two year follow up period.

Denys and colleagues published data on 16 OCD patients with DBS of the NAc. After eight months open phase, Y-BOCS scores decreased by 46%. Nine of the patients were classified as responders. Following the open phase period the authors conducted a double-blind two week cross-over design, of active or sham stimulation, which underlined the positive treatment effects \[[@CR12]\]. It is noteworthy that in this study an additional treatment of cognitive behavioral therapy (CBT) was offered once a substantial decrease in Y-BOCS scores (six points on average) was achieved by DBS. In accordance with the therapy refractoriness criteria, CBT was not effective prior to surgery \[[@CR34]\]. However, in combination with DBS a substantial improvement in CBT efficacy was reported. This may indicate that DBS creates the necessary readiness of the brain to implement elements of CBT.

Franzini et al. \[[@CR35]\] describe two cases of NAc DBS in OCD patients. Patient one was additionally diagnosed with comorbid bipolar disorder type I. His Y-BOCS scores improved from 38 to 22 at the 24 months follow-up. Patient two was diagnosed with comorbid body dysmorphic disorder, phobic anxiety disorder and depressive disorder, 27 months after surgery he showed a 10 point decrease (from 30 to 20) in Y-BOCS scores \[[@CR35]\].

Roh et al. \[[@CR36]\] described a further DBS study targeting the NAc with the proximal contact extending into part of the caudate nucleus and the IC in four OCD patients. After 24 months of treatment, baseline Y-BOCS scores decreased from an average 37.0 ± 1.8 to 14.8 ± 5.0, corresponding to an improvement rate of 59.7 ± 14.6% \[[@CR36]\].

Barcia et al. \[[@CR37]\] used the possibility of intra-individual comparison between two stimulation targets (NAc and STN) in two patients. Different combinations of electrodes were activated for two days, followed by a one-day washout period. Bilateral stimulation of the NAc led to a decrease in Y-BOCS score from 33 to 20 for patient 1 and from 33 to 16 for patient 2. Stimulation of the left accumbens and left STN yielded the lowest Y-BOCS scores for both patients (patient 1: 16; patient 2: 12) (data for STN-DBS can be found under 3.4). Unfortunately, one has to be cautious to conjecture interpretations due to the very low number of subjects \[[@CR37]\] (see Table [2](#Tab2){ref-type="table"}).Table 2**Trials targeting the NAc regionNAcReferenceResponders (ratio)Follow-upPatients included elsewhereY-BOCS Reduction**Aouizerate, 2004 \[[@CR32]\]1/115 months52%Plewnia, 2008 \[[@CR33]\]0/124 months21.9%Denys, 2010 \[[@CR12]\]9/168 months46%Franzini, 2010 \[[@CR35]\]1/224 months38.2%Huff, 2010 \[[@CR31]\]1/1012 months21.1%Roh, 2012\* \[[@CR36]\]4/424 months45.7-79.5%Barcia, 2013 \[[@CR37]\]2/23 months43.9%Corveleyn, 2013 \[[@CR38]\]1/122 months63.9%**Mean45.5%37.8%**NAc: Nucleus accumbens. Responders' ratio: responders defined as 35% improvement in Y-BOCS score or more. Follow-up: latest follow-up reported. Patients included elsewhere: Data Number of patients of which the data has been reported before and corresponding publication. Y-BOCS reduction: mean reduction for new patients at latest follow-up or reduction range if individual data not available. \*Data not included in pooled means due to missing information.

Ventral Capsule/Ventral Striatum (VC/VS) {#Sec6}
----------------------------------------

The ventral striatal (VS) area encompasses the ventral caudate nucleus and nucleus accumbens and is thought to be involved in motivation and reward. Combined with the ventral capsule (VC), it is referred to as the VC/VS region.

Greenberg et al. \[[@CR39]\] conducted a study with bilateral stimulation of the VC/VS in 10 OCD patients. They administered follow-ups at 1, 3, 6, 12, 18, 24, 30 and 36 months after surgery, the follow-up at 36 months did only capture 8 patients (one patient died 9 months after surgery, due to cancer and her data has not been included, and one patient dropped out after 24 months.) Y-BOCS scores improved from 34.6 ± 0.6 (mean ± SEM) pre-operatively to 25 ± 1.6 at 3 months and 22.3 ± 2.1 at 36 months \[[@CR39]\].

In 2010 Greenberg et al. published results of 26 patients who underwent bilateral DBS of the VC/VS divided over four different research centers, including 10 patients they had previously reported. Follow-up periods in these studies ranged from 3 to 36 months, averaging 31.4 months. Y-BOCS scores improved from 34.0 ± 0.5 at baseline to 20.9 ± 2.4 at the latest follow-up, with this level of improvement being apparent already 3 months after active stimulation started (Y-BOCS 21.0 ± 1.8). Furthermore, the authors note that about 65% of the patients benefitted from the treatment due to clinically significant symptom reductions and functional improvement \[[@CR40]\].

Six patients who received bilateral DBS of the VC/VS were assessed in a randomized, blinded, staggered onset design \[[@CR41]\]. After 12 months of active stimulation 67% (i.e. four out of six) patients were classified as responders (≥35% Y-BOCS score decrease from baseline). In fact, the mean baseline Y-BOCS score of 33.7 decreased by 15.67 ± 11.60 points (mean ± SD).

In another study targeting the VC/VS bilaterally, four OCD patients were assessed every 3 months for 15 months showing a 33.6% reduction (mean ± SD, 36.3 ± 2.1 pre-operatively vs. 24.3 ± 9.1 at 15 months) \[[@CR42]\].

In 2013 a single case report of a 51-Year old OCD patient who received DBS of the VC/VS was published. Her Y-BOCS scores fluctuated during the course of her 22-month follow-up, remaining somewhat stagnant over the first 9 months and then decreasing more dramatically to 10 points at 12 months follow-up. However, concomitant psychotherapy makes it difficult to attribute changes to DBS alone \[[@CR38]\] (see Table [3](#Tab3){ref-type="table"}).Table 3**Trials targeting the VC/VS regionVC/VSReferenceResponders (ratio)Follow-upPatients published elsewhereY-BOCS Reduction**Greenberg, 2006 \[[@CR39]\]4/836 months35.5%Greenberg, 2010\* \[[@CR40]\]16/2636 months10 patients from Greenberg et al. \[[@CR39]\], and five patients included in Nuttin et al. \[[@CR23]\]38.5%Goodman, 2010\* \[[@CR41]\]4/612 monthsFive patients from Greenberg et al. \[[@CR39]\]91.3%Tsai, 2012 \[[@CR42]\]2/415 months53,4%**Mean50%41.5%**VC/VS: ventral capsule/ventral striatum. Responders' ratio: responders defined as 35% improvement in Y-BOCS score or more. Follow-up: latest follow-up reported. Patients included elsewhere: Number of patients of which the data has been reported before and corresponding publication. Y-BOCS reduction: mean reduction for new patients at latest follow-up or reduction range if individual data not available. \*Data not included in pooled means due to missing information/republisheded data.

Subthalamic nucleus {#Sec7}
-------------------

The STN is a component of the basal ganglia and is located ventral to the thalamus, dorsal to the substantia nigra, and medial to the corticospinal tract. Experiences with DBS in patients with Parkinson's disease (PD) and comorbid OCD symptoms have suggested the involvement of the STN in OCD.

Mallet et al. \[[@CR43]\] described a successful stimulation of the STN in two OCD patients with improvements of 58 and 64% (pre-operative Y-BOCS 26 and 23, respectively; Y-BOCS at 6 months follow-up 5 and 4, respectively) \[[@CR43]\]. Fontaine et al. \[[@CR44]\] reported a second positive case: A 49-year-old man suffering from OCD as well as PD received bilateral stimulation of the STN, reducing Y-BOCS scores from a baseline of 32 to 1 after 6 months of active stimulation \[[@CR44]\].

Six years after their first report on STN DBS in OCD, Mallet et al. \[[@CR45]\] published a study with a double-blind crossover design by which they assess the efficacy of bilateral STN stimulation. Sixteen OCD patients were randomly assigned to active stimulation followed by sham stimulation, or vice versa, with eight patients in each group. Assessment at the end of the two 3 months periods revealed a significantly lower Y-BOCS score for patients under active stimulation (mean ± SD, 19 ± 8) compared to patients under sham stimulation (28 ± 7) \[[@CR45]\].

Finally, Chabardès et al. \[[@CR46]\] described four patients, two of them originally reported by Mallet et al. \[[@CR45]\]. Of the remaining two, one showed a symptom reduction of 78% (8 vs. 29) while the second patient was classified as a partial responder with an improvement of about 34% (21 vs. 32) 6 months after electrode implantation \[[@CR46]\]. STN-DBS data of the study by Barcia et al. \[[@CR37]\] revealed the following improvement in Y-BOCS scores: scores of patient 1 decreased from 33 at baseline to 20 three months follow-up and of patient 2 decreased from 33 at baseline to 18 (see Table [4](#Tab4){ref-type="table"}).Table 4**Trials targeting the STN regionSTNReferenceResponders (ratio)Follow-upPatients included elsewhereY-BOCS Reduction**Mallet, 2002 \[[@CR43]\]2/26 months82.7%Fontaine, 2004 \[[@CR44]\]1/16 months96.8%Mallet, 2008 \[[@CR45]\]7/163 months37.8%Chabardès, 2012\* \[[@CR46]\]2/46 monthstwo patients from Mallet et al. \[[@CR45]\]53.4%Barcia, 2013 \[[@CR37]\]2/23 months42.5%**Mean57.1%45.3%**STN: Subthalamic nucleus. Responders' ratio: responders defined as 35% improvement in Y-BOCS score or more. Follow-up: latest follow-up reported. Patients included elsewhere: Number of patients of which the data has been reported before and corresponding publication. Y-BOCS reduction: mean reduction for new patients at latest follow-up or reduction range if individual data not available. \*Data not included in pooled means due to duplicated data.

Inferior thalamic peduncle {#Sec8}
--------------------------

The ITP is the connecting structure between orbitofrontal cortex and thalamus and part of the orbitofrontal thalamic system. Its association with OCD symptoms makes it a promising target structure for DBS.

In 2009 Jiménez et al. reported bilateral ITP stimulation in five patients with refractory OCD. Y-BOCS scores were assessed every 3 months for a total of 12 months, showing a reduction of 51% at the last follow-up (mean ± SD, 17.8 ± 3.9 vs. 35 ± 6.2,) \[[@CR47]\].

Another study by Jiménez et al. \[[@CR48]\] assessed the efficacy of implantation of quadripolar deep brain stimulation electrodes in the ITP for six OCD patients. At 12 months follow-up a 51% decrease in Y-BOCS scores could be observed (mean ± SD, 17.5 ± 3.6 vs. 35.8 ± 5.9) which further decreased after 24 and 36 months (14.0 ± 7. 8 and 13.3 ± 5.7, respectively) \[[@CR48]\] (see Table [5](#Tab5){ref-type="table"}).Table 5**Trials targeting the IPTIPTReferenceResponders (ratio)Follow-upPatients included elsewhereY-BOCS Reduction**Jimenez, 2009\* \[[@CR47]\]5/512 months44-58.3%Jimenez, 2013 \[[@CR48]\]6/636 months5 patients included in Jimenez 200982.5%**Mean100%82.5%**IPT: Inferior thalamic peduncle. Responders' ratio: responders defined as 35% improvement in Y-BOCS score or more. Follow-up: latest follow-up reported. Patients included elsewhere: Number of patients of which the data has been reported before and corresponding publication. Y-BOCS reduction: mean reduction for new patients at latest follow-up or reduction range if individual data not available. \*Data not include in pooled means due to republished data.

Adverse events {#Sec9}
--------------

Complications of DBS can be classified into 3 categories. First, 'procedure related adverse events' describe complications arising from the surgery itself. Second, difficulties may originate from the implantation device ('device related'). Third, the stimulation itself may cause effects on mood or cognition that can be acute and reversible or chronic in nature and are specific to the target region \[[@CR40]\]. Disorder related adverse events are not discussed at this point.

### Procedure related {#Sec10}

Overall, six patients suffered from superficial wound infections following surgery \[[@CR39],[@CR40]\] and one patient exhibited an allergic reaction to the implantation device in the chest \[[@CR42]\]. Dell'Osso and colleagues described a patient who, following a minor inflammation at the area where the stimulator had been implanted, developed a scar-picking behavior, making it necessary to remove the device despite major improvements in OCD symptoms \[[@CR49]\].

Serious adverse events during surgery included two seizures \[[@CR39],[@CR40]\], and three intracerebral hemorrhages \[[@CR39],[@CR40],[@CR45]\].

### Device related {#Sec11}

In five patients breaks in stimulating leads or extension wires requiring replacement were reported \[[@CR26],[@CR40]\]. One patient reported dysesthesia in the subclavicular region that lasted for several weeks \[[@CR31]\]. Okun and colleagues reviewed symptoms potentially related to battery failure in 6 patients with refractory OCD, noting that suicidality, mood disturbance, panic attacks, fatigue, and a restless sensation in the extremities may be associated with battery failure \[[@CR50]\]. Nuttin et al. \[[@CR23]\], as well as Denys and colleagues \[[@CR12]\] reported on several patients who felt the leads or stimulation devices (5 permanent and 7 transient cases).

### Stimulation related {#Sec12}

#### Anxiety {#d30e1602}

Twenty-five patients in four studies (three NAc studies, one VC/VS study) \[[@CR30],[@CR31],[@CR36],[@CR40]\] experienced an acute increase in anxiety. All of these were induced either by a change of stimulation parameters, or by battery depletion, so that anxiety symptoms were quickly resolved after parameter adaption or pacemaker exchange.

#### Mood {#d30e1619}

The most common effect on mood during chronic DBS was hypomania, experienced by 27 patients across five studies (two NAc studies and three VC/VS studies) \[[@CR31],[@CR36],[@CR40]-[@CR42]\]. In all cases mood elevation responded to parameter adjustment. One patient exhibited hypomania-like symptoms during initial DBS programming \[[@CR42]\]. Furthermore, Greenberg et al. \[[@CR40]\] reported irritability leading to domestic problems in one patient. Increased depression and suicidal thoughts were noted in six patients across three studies (one ALIC study, one NAc study, and one VC/VS study) \[[@CR26],[@CR31],[@CR40]\]. It should be noted, however, that some of these patients reported similar episodes prior to surgery. One patient in the study by Abelson et al. \[[@CR26]\] whose symptoms were reduced after DBS, committed suicide one year after surgery and stated in a note that her suicide was unrelated to the study.

#### Cognition {#d30e1655}

Effects of DBS on cognition in patients suffering from OCD seem to occur only rarely. Some patients reported cognitive 'clouding' or diminished concentration in two studies \[[@CR31],[@CR40]\]. However, these were related only to certain parameter settings, and thus readily reversible. In the same study activation of the most dorsal contact during operation resulted in verbal perseveration in one patient. Three subjects in a study by Denys et al. \[[@CR12]\] reported words-finding difficulties. In eight patients across two studies \[[@CR23],[@CR40]\] DBS affected memory performance: one patient had brief flashbacks that recurred several times a day, which could be resolved with changing stimulation parameters \[[@CR40]\], the memory problems in the other seven patients were transient and resolved over time \[[@CR23]\].

### Other {#Sec13}

Next to these psychological effects some authors noted various other effects that may be attributed to DBS. These range from difficulties falling asleep \[[@CR41]\] over vertigo \[[@CR42]\] and weight loss or gain to long-lasting fatigue \[[@CR23]\]. Also an increased headache frequency \[[@CR31],[@CR34]\] and a single case of a visual disturbance in the left eye \[[@CR37]\] have been noted.

Discussion {#Sec14}
==========

In 2009 the FDA (under the human device exemption) and the European authorities approved DBS of striatal areas for tr-OCD and thus tr-OCD became the first psychiatric indication approved for DBS treatment. Nevertheless this decision was based on sparse data available at the time. Therefore it is necessary to provide continually a current review on recent clinical studies in order to evaluate the risk-benefit ratio. This was the aim of the present article.

In the scope of reviewing the existing literature it became apparent that three main DBS target regions in the brain are used for tr-OCD. Although publications refer to five different regions: the Nucleus subthalamicus (STN), the inferior thalamic peduncle (ITP), the Nucleus accumbens (NAc), the anterior limb of the internal capsule (ALIC), and the ventral capsule/ventral striatal (VC/VS) area, in our view, the three latter structures refer to one superordinate brain region (Figure [2](#Fig2){ref-type="fig"}). In these three brain regions, the electrical field of stimulation might capture portions of the NAc as well as portions of the capsula interna. Further parts of the bed nucleus of the stria terminalis might also be stimulated \[[@CR40]\]. Still it should be the aim of future studies to define the best localization within that target area. However pooling the data for these three structures, (ALIC, NAc and VC/VS) the mean response rate is 49% and the mean Y-BOCS reduction is 39.4%, similar to STN data (57% responders, 49% Y-BOCS reduction) On the basis of the reviewed data, DBS of all discussed targets seems to be a promising treatment option for tr-OCD. Procedure as well as device related adverse events are relatively low. Stimulation or therapy related side effects are mostly transient and decline after stimulation parameters have been changed. As mentioned above one person died after DBS surgery and during DBS treatment, but authors stated that death was cancer related. Although an ethical point of discussion is always the question whether DBS affects personality, we could not find any report on personality changes in tr-OCD patients treated with DBS. Although this aspect is difficult to evaluate and should be studied more extensively in future studies \[[@CR51]\].Figure 2**Target locations.** Reconstructed targets onto coronal **(a)** and horizontal **(b, c)** sections. NAc: Nucleus accumbens; ALIC: Anterior limb of the internal capsule; VS: ventral striatum; BST: Bed nucleus of the stria terminalis; ITP: Inferior thalamic peduncle; STN: subthalamic nucleus.

Comparing all available studies, no target structure could be identified that is superior to other structures in terms of efficacy. The response rate for ITP-DBS seems to be higher but is based on only six patients from one research group, on the other hand the available data for NAc-DBS are larger and therefore more consistent. The most relevant problem is that large clinical trials are missing which might be due to the characteristics of the cohort and the fact that treatment resistance needs to be proven \[[@CR52]\]. But at least in terms of methodology, studies should become more standardized. Different methodologies in terms of study design as well as several target structures and stimulation parameters make a reliable comparison of data almost impossible. For example, there should be a consensus on definitions of treatment response, remission and recovery. Furthermore, the Y-BOCS is the most common used outcome measure for studies including OCD patients, but some studies do not report these scores, instead subjective statements of the patient. The Y-BOCS by itself is not sufficient since it fails to detect changes in severely affected patients. To complete the picture, quality of life scores should also be obtained, as well as the level of functioning. In any case it is of most relevance to develop a standard design and outcome measure for clinical trials that would make comparison feasible.

Beside the search for the optimal target structure and improvement of response prediction, it is of high relevance to analyze the exact network effects that underlie clinically effective DBS, to understand the neurobiological mechanisms. For this purpose imaging techniques, especially tractography, would be of high importance. Recently, research regarding the treatment of depression with DBS of the CG25 suggests, that not a down regulation of the CG25 itself but rather the modulation of white matter tracks is the effective mechanism of action \[[@CR53]\]. Also specific electrophysiological data can contribute to decoding the mechanisms.

Conclusion {#Sec15}
==========

Remarkably, we found little difference between anatomical structures in terms of response rates. Stimulation of the STN as well as the ventral striatal structures resulted in mean symptom reductions around 40%, the latter might be associated with slightly more side effects. The reported response rate and symptom reduction after ITP DBS is higher, however, this is based only on the data of six patients by one research group which calls for a critical appraisal.

Future research is strongly needed and clinical trials should focus on optimizing DBS therapy with respect to patient selection and postoperative management, specifically with regard to combining DBS with adjacent cognitive behavioral therapy \[[@CR34]\]. Further basic scientific research is also indispensable in order to investigate the mechanisms of action underlying DBS treatment.
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